. One of the radiologists performed single needle puncture in all cases, whereas the other radiologist used double or triple needle punctures. Follow-up US examinations were performed after 12.0 ± 6.0 months. We evaluated the prevalence and characteristics of post-FNA US interval changes through a retrospective analysis. In addition, multiple factors were correlated with post-FNA US interval changes. Results: The number of needle punctures was one (n = 91), two (n = 163), and three (n = 3). Of the 257 STNs (mean diameter, 11.9 mm) in 257 patients, 35 (13.6%) showed an interval change in US features on follow-up US. Among them, 17 STNs (6.6%) showed newly developed malignant US features, including hypoechogenicity (n = 5), microcalcifications (n = 2), a spiculated margin (n = 4), hypoechogenicity with a spiculated margin (n = 5), and microcalcifications with non-parallel orientation (n = 1). Between patients who showed presence and absence of US interval changes, there were no significant differences in patient age, sex, nodule size, dichotomization, and location, Korean Thyroid Imaging Reporting and Data System categorization after FNA, practitioners involved, number of needle punctures, cytological findings, and interval between FNA and US follow-up (p > 0.05). Conclusion: Awareness of US interval changes after US-FNA of STNs may be helpful for the management of STNs.
INTRODUCTION
Ultrasonography (US) is the primary imaging modality for evaluating nodular thyroid lesions (1) . Thyroid nodules are very commonly identified by US in 10−41% of the individuals, and the prevalence of thyroid nodules increases Ultrasonographic Interval Changes in Solid Thyroid Nodules after Ultrasonography-Guided Fine-Needle Aspiration Ik Jung Hwang, MD 1 Data System (K-TIRADS), which includes three suspicious US features (microcalcifications, non-parallel orientation, and a spiculated/microlobulated margin) and risk stratification according to the combination of nodule solidity and echogenicity (3) . In practice, when a thyroid nodule with malignant US features is detected by thyroid US, US-guided fine-needle aspiration (US-FNA) is first used for further evaluation (2, 4) . However, the diagnostic accuracy of US-FNA for thyroid nodules varies, ranging from 60% to 96% (4) (5) (6) . Furthermore, it is operator-dependent, shows indeterminate cytology, and has associated complications (1, (4) (5) (6) . In addition, needle aspiration can result in varying degrees of tissue injury (7) .
According to the literature, the trauma induced by the aspiration needle can lead to tissue changes of varying severity, and it occasionally causes problems in histological assessment of thyroid nodules (7) (8) (9) . These histological changes include hemorrhage, infarction, granulation tissue formation, vascular change, spindle cell proliferation, and capsular and vascular pseudoinvasion (8, 9) . Among them, the three most common post-FNA changes that lead to requests for pathology consultation are infarction, vascular changes, and nuclear atypia (7) .
To date, few imaging studies of post-FNA changes in benign thyroid nodules have been reported (10) (11) (12) (13) . The procedure-related scar tissue of thyroid nodules can show marked hypoechogenicity with irregular borders on US (14) . In benign thyroid nodules with post-FNA changes, only meticulous comparison with previous images showing nodule shrinkage over time is useful for achieving the correct diagnosis (10) (11) (12) (13) (14) . Unfortunately, unnecessary biopsy or surgery for these nodules is performed in practice. In a previous study, core needle biopsy was performed for thyroid nodules with malignant US features and size reduction, and upon histological examination, these nodules were primarily composed of internal fibrosis and hemorrhage (15) .
However, to the best of our knowledge, none of the studies have compared the prevalence and characteristics of post-FNA US interval changes according to needle puncture and other factors in solid thyroid nodules (STNs, defined as thyroid nodules with a solid component accounting for ≥ 90% of the total volume). The aim of this study was to evaluate the prevalence and characteristics of US interval changes in STNs after US-FNA. In addition, we attempted to assess the differences in the prevalence and characteristics of US interval changes in STNs, according to the number of needle punctures used and the practitioners involved.
MATERIALS AND METHODS

Patients
This retrospective study was approved by the relevant Institutional Review Board, and the requirement for obtaining informed consent was waived (IRB No. 16-0231). From January 2015 to June 2015, two radiologists (who had performed > 300 US-FNAs/year for thyroid nodules over a period of 13 years and 5 years, respectively) performed thyroid US and an initial US-FNA to diagnose 414 STNs (mean size, 11.9 ± 9.1 mm; range, 2.9−67.9 mm) in 414 patients (355 female subjects and 59 male subjects; mean age, 52.3 ± 11.1 years; range, 17−81 years). Because of thyroid surgery (n = 72), loss to follow-up (n = 80), and poor US image quality (n = 5), 157 STNs (mean diameter, 11.9 ± 9.7 mm; range, 2.9−49.6 mm) were excluded from the study. Ultimately, 257 STNs (mean diameter, 11.8 ± 8.8 mm; range, 3.0−67.0 mm) in 257 patients (230 female subjects and 27 male subjects; mean age, 52.8 ± 10.6 years; range, 25−81 years) were included in this study. Of the 257 STNs, 119 were subcentimeter in size. The reasons for performing US-FNA for subcentimeter nodules included suspicious US features (n = 56), presence of contralateral thyroid malignancy (n = 18), and patients' requests (n = 45).
Thyroid US, US-Guided FNA, and Cytological Diagnosis
Thyroid US was performed by two radiologists using a high-resolution ultrasound instrument (iU 22; Philips Medical Systems, Bothell, WA, USA) equipped with a 12−15 MHz linear probe. US-FNA was performed immediately after thyroid US by the same radiologist, using the same sampling technique, a 23-gauge needle, without an aspiration device, and without local anesthesia (16) . The more experienced radiologist performed only single needle puncture in all cases, whereas the other radiologist used double or triple needle punctures. For each sample, a smear was prepared on four to six slides, using the flipping-extraction technique; it was fixed in 95% ethanol and examined after Papanicolaou staining.
Cytological findings were categorized as follows: inadequate (Bethesda class I), benign (Bethesda class II), atypia of undetermined significance or follicular lesion of undetermined significance (Bethesda class III), suspicious for a follicular neoplasm (Bethesda class IV), suspicious for malignancy (Bethesda class V), or malignant (Bethesda 
Follow-Up US and Image Analysis
In December 2016, a single radiologist retrospectively investigated all US features of STNs using a picture archiving and communication system. The mean interval between US-FNA and the first follow-up US was 12.0 ± 6.0 months (range: 1−24 months). The imaging features of STNs on initial US before US-FNA and on follow-up US were compared in each case. On image analysis, echogenicity, margin, shape, and vascularity of STNs were investigated. Echogenicity was classified as iso-(the same echogenicity as that of the adjacent thyroid parenchyma), hypo-(decreased echogenicity as compared to that of the adjacent thyroid parenchyma), and hyper-(increased echogenicity as compared to that of the adjacent thyroid parenchyma). STN margin was classified as smooth, spiculated, lobulated, or poorly defined. STN shape was classified as ovoid-toround or irregular. The orientation of a STN was classified as parallel (when the anteroposterior diameter of the STN was equal to or less than its transverse or longitudinal diameter) or non-parallel (when the anteroposterior diameter of the STN was longer than its transverse or longitudinal diameter in a transverse or longitudinal plane).
On the basis of a retrospective analysis of US features, each STN was classified into K-TIRADS category 3 to 5 (2). Suspicious features included microcalcification, a spiculated/microlobulated margin, and non-parallel orientation. STNs with isoechogenicity or hyperechogenicity and no suspicious US features were categorized as K-TIRADS category 3 (low suspicion). STNs with hypoechogenicity and no suspicious US features were categorized as K-TIRADS category 4 (intermediate suspicion). STNs with any of the suspicious US features were categorized as K-TIRADS category 5 (high suspicion).
Statistical Analysis
The normal distribution of continuous data was tested with the Kolmogorov-Smirnov test. Normally distributed variables, including age, size of thyroid nodules, and interval of follow-up US were compared by using independent t tests, and they were then expressed as the mean ± SD. Group comparisons of categorical variables were performed using the chi-square test, or 
RESULTS
For the 257 STNs in 257 patients, one or more sessions of follow-up US were performed after US-FNA (Fig. 1) . The mean diameter of STNs < 10 mm (n = 119) and ≥ 10 mm (n = 138) in the largest diameter was 5.9 ± 1.8 mm and 17.1 ± 9.1 mm, respectively. The location of 257 STNs included the right lobe (n = 119), the left lobe (n = 129), and the isthmus (n = 9). The number of needle punctures used were one (n = 91), two (n = 163), and three (n = 3). US categories of the 257 STNs included benign (n = 77), indeterminate (n = 141), and malignant (n = 39). The Bethesda classes of these 257 STNs were I (n = 6), II (n = 199), III (n = 39), IV (n = 2), V (n = 4), and VI (n = 7).
Of the 257 STNs, 35 (13.6%) showed an interval change in US features on follow-up US (Figs. 2, 3 ). Of the 35 STNs with post-FNA US interval change, 17 (6.6%) showed new malignant US features on follow-up US; hypoechogenicity (n = 5), microcalcifications (n = 2), a spiculated margin (n = 4), hypoechogenicity with a spiculated margin (n = 5), and microcalcifications with non-parallel orientation (n = 1). In the 18 STNs (7.0%) without any malignant US features on follow-up US, new detection of intranodular cystic component (n = 9), intranodular hypoechoic component (n = 8), and loss of known hypoechogenicity (n = 1) were noted.
Before US-FNA, K-TIRADS categories 3 (n = 69), 4 (n = 102), and 5 (n = 86) were noted ( Table 1) . On follow-up US after US-FNA, K-TIRADS categories 3 (n = 68), 4 (n = 96), and 5 (n = 93) were noted. On follow-up US after US-FNA, 12 STNs (4.7%) showed interval changes in K-TIRADS category, whereas 245 STNs showed no interval change. However, there was no significant linear association between the post-FNA US interval changes and the initial kjronline.org K-TIRADS of STNs (p = 0.071). Of the 12 STNs with an interval change in the K-TIRADS category, 11 showed a higher category on follow-up US, whereas 1 STN revealed a lower category. When the interval change in the K-TIRADS category was compared in accordance with the number of needle punctures, there was no significant difference (p = 0.681).
The comparison of clinico-pathological data of STNs according to US interval changes is shown in Table 2 .
Between STNs with and without US interval changes after US-FNA, there was a significant difference in K-TIRADS categorization before US-FNA (p = 0.022). In the majority of cases, post-FNA US interval change was observed in category 4. However, there were no significant differences in the patients' age or sex, size, dichotomization (< 10 mm and ≥ 10 mm), or location of the nodule, the practitioners Table 3 . Between the single and multiple needle puncture groups, there were statistically significant differences in patient age (p = 0.025), nodule dichotomization (p = 0.003), K-TIRADS categorization before US-FNA (p < 0.0001), practitioners involved (p < 0.0001), the interval between US-FNA and US follow-up (p < 0.0001), whereas there were no significant differences For the 257 STNs, one practitioner used a single needle puncture in all cases (n = 91), whereas the other practitioner used double (n = 163) or triple (n = 3) needle punctures. Between the two practitioners, there were statistically significant differences in terms of patient age (p = 0.009), number of needle punctures used (p < 0.0001), and interval between US-FNA and US follow-up (p < 0.0001). 11.7 ± 6. 
DISCUSSION
Ultrasonography-guided fine-needle aspiration is the first-line diagnostic method for evaluating thyroid nodules. However, variable changes can occur in thyroid nodules after FNA, which may influence cytological analyses (7, 17) .
Post-FNA changes in thyroid nodules are classified as acute and chronic types; acute changes include hemorrhage, granulation tissue formation, and nuclear atypia, whereas chronic changes include capsular distortion, vascular pseudoinvasion, and papillary endothelial hyperplasia (7). Post-FNA changes rarely replace a thyroid nodule completely or extensively (18) . In such a case, US features of a thyroid nodule can be altered. In practice, when a benign thyroid nodule shows malignant US features on follow-up US, because of post-FNA changes, unnecessary repeated FNA or core needle biopsy cannot be avoided. In the present study, 13.6% (35/257) of STNs showed US interval changes kjronline.org after US-FNA. Among them, 48.6% (17/35) revealed newly developed malignant US features, such as hypoechogenicity, microcalcification, a spiculated/microlobulated margin, nonparallel orientation, and combination of these malignant findings. However, only 12 STNs (4.7%) showed an interval change in the K-TIRADS category on follow-up US, although most of them changed to a higher K-TIRADS category.
In the 17 STNs with newly developed malignant US features, the prevalence rate of hypoechogenicity and a spiculated margin was 58.8% (10/17) and 52.9% (9/17), respectively, whereas the prevalence rate of microcalcifications and non-parallel orientation was 17.6% (3/17) and 5.9% (1/17), respectively. This may be the characteristics of post-FNA changes rather than thyroid malignancy. However, the present study showed a low prevalence of STN cases with newly developed malignant US features. Further studies including larger sample sizes are required to clarify this discrepancy. Nevertheless, awareness of US interval changes in STNs before and after US-FNA is essential for differentiating these changes from thyroid malignancies. In particular, the interval decrease in the nodule size before and after US-FNA of thyroid nodules suggests benignity despite the presence of malignant US features (10) (11) (12) (13) 15) .
The size of the FNA needle and the number of needle punctures used may influence the post-FNA changes or US interval changes in STNs. Previous studies have reported that needle injury is known to be closely associated with post-FNA changes (19) . In terms of the pathogenic mechanism, needle injury causes direct interruption of the microvascular supply and venous thrombosis (7) (8) (9) . However, in the study, there was no significant difference in US interval changes between the single and multiple needle puncture groups. The reason for this occurrence is unclear, but it may be because the majority of post-FNA changes were resolved before US follow-up and because a same size FNA needle was used in our study. Other than the needle factor, the aspiration technique (capillary and aspiration), the number of to-and-fro motions, the level of experience of the practitioner, or nodule biology may influence post-FNA changes or US interval changes. In particular, the experience level of the practitioner may be an important factor in post-FNA changes. However, in the present study, there was no significant difference in US interval changes in STNs between the two practitioners who had different levels of experience with US-FNA.
In addition to the intrinsic limitations of a retrospective study, there were several limitations in the present study. First, of the 414 STNs, 157 (37.9%) were excluded from the study because of no US follow-up or poor US image quality. Second, there was a lack of systematic strategies for followup US owing to the variable frequency and interval of follow-up US. For clarity, a further study including regular follow-up US at short intervals should be performed. Third, a retrospective analysis of all US images of follow-up US was performed by a single radiologist. Furthermore, nodule vascularity was not evaluated. Finally, the presence of underlying diffuse thyroid disease was not evaluated.
In conclusion, this study demonstrated that the prevalence of US interval changes in STNs after US-FNA was 13.6% (35/257) and that approximately one-third (12/35) of the STNs with US interval changes showed newly developed malignant US features. Therefore, awareness of US interval changes in STNs after US-FNA may be helpful for managing STNs and it can avoid unnecessary biopsies.
